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Cryopreservation of Extracted Corneal Lenticules after
Small Incision Lenticule Extraction for Potential Use in

Human Subjects
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Purpose: To describe the technique of cryopreservation of corneal
lenticules extracted after small incision refractive lenticule extraction
(ReLEx SMILE) and initial results of femtosecond laser intrastromal
lenticular implantation for hyperopia.

Methods: Lenticules were collected from patients undergoing
ReLEx SMILE for the correction of myopia and subjected to a tissue
processing technique and cryopreservation. These lenticules were
subsequently used to treat 8 hyperopic eyes and 1 aphakic eye. A
femtosecond laser was used to create a pocket into each patient’s
cornea, followed by implantation of a cryopreserved lenticule. The
patients were monitored through follow-up examinations for a mean
155.4 days (38–310 days).

Results: The mean interval from storage of lenticules to removal
from liquid nitrogen was 96 days (range, 19–178 days). Mean spher-
ical equivalent of hyperopic eyes treated was +4.50 6 1.1 diopter
(D). Mean keratometry and pachymetry changed from preoperative
43.9 D and 531.6 mm to 47.4 D and 605.2 mm, respectively, post-
operatively. Mean residual spherical equivalent for hyperopic eyes
was +0.6 D and +4.1 D for the aphakic eye. None of the eyes showed
evidence of rejection or loss of best-corrected visual acuity at the end
of the follow-up period.

Conclusions: The cryopreservation technique seems to be a safe
method of long-term storage of refractive lenticules extracted after
ReLEx SMILE for use in allogeneic human subjects. It may
potentially be a safe and effective alternative to excimer laser ablation
for hyperopia because of the low risks of regression, haze, flap-related
complications, postoperative dry eye, and higher-order aberrations.
Clinical Trial Registration—URL: http://www.clinicaltrials.gov.
Unique identifier: CTRI/2014/01/004331.
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Small incision refractive lenticule extraction (ReLEx
SMILE) is a flapless, minimally invasive, first all-in-one

femtosecond (FS) laser refractive procedure that treats myopia
by creating a refractive intrastromal corneal lenticule using the
VisuMax FS laser system (Carl Zeiss Meditec, Jena,
Germany), instead of ablation with an excimer laser. Studies
suggest that this procedure has better biomechanical stability
compared with laser in situ keratomileusis (LASIK) and has
other advantages, such as no risk of flap-related complications,
fewer aberrations, less postoperative dry eye, faster healing,
and better patient comfort.1,2

Another potential advantage of the ReLEx SMILE
technique is that it could be a reversible refractive procedure.
The removal of the intrastromal lenticule allows the possibility
of reimplantation at a future date.3 The implantation of a len-
ticule in humans was first reported by Pradhan et al,4 who
implanted an allogeneic lenticule obtained by SMILE from
a myopic donor for correction of high hypermetropia in
a young individual. It may also be possible to implant the
extracted lenticule into an unrelated individual to treat condi-
tions like aphakia, hypermetropia, keratoconus, and presbyo-
pia.4 To achieve this, the integrity of the extracted stromal
lenticule must be maintained after long-term storage. There
is enough evidence to suggest the use of cryopreserved corneal
tissue for transplantation.5 However, the process of freezing
and thawing can damage the corneal endothelium and
stroma,6–8 of which only the latter is relevant in ReLEx. Pre-
vious studies have confirmed the viability of keratocytes post-
cryopreservation in primary cultures.9 In a pioneer study by
the Tissue Engineering and Stem Cell Group at Singapore Eye
Research Institute on human cadaveric eyes, the viability of
corneal lenticules extracted following the ReLEx procedure
and 1 month after storage was evaluated using a developed
cryopreservation technique.10 The results showed a well-
preserved and well-aligned collagen structure in the lenticules
after cryopreservation, which suggested that the tissue pro-
cessing technique used was reliable in maintaining the colla-
gen structure of the lenticule. Reimplanting the cryopreserved
corneal lenticules at a later date made restoration of the cornea
volume possible after the ReLEx FLEX procedure.

Received for publication April 15, 2014; revision received August 25, 2014;
accepted August 26, 2014. Published online ahead of print October 24,
2014.

From the *Department of Phaco and Refractive Surgery, Nethradhama Super-
Speciality Eye Hospital, Bangalore, India; and †Department of Reproduc-
tive Biology, Cryostemcell (K) Pvt. Ltd, Bangalore, India.

The authors have no funding or conflicts of interest to disclose.
Reprints: Sheetal Brar, MS, Department of Phaco and Refractive Surgery,

Nethradhama SuperSpeciality Eye Hospital, 256/14, Kanakpura Main Rd,
7th Block, Jayanagar, Bangalore 560082, India (e-mail: brar_sheetal@
yahoo.co.in).

Copyright © 2014 by Lippincott Williams & Wilkins. This is an open-access
article distributed under the terms of the Creative Commons Attribution-
NonCommercial-NoDerivatives 3.0 License, where it is permissible to
download and share the work provided it is properly cited. The work
cannot be changed in any way or used commercially.

Cornea � Volume 33, Number 12, December 2014 www.corneajrnl.com | 1355

mailto:brar_sheetal@yahoo.co.in
mailto:brar_sheetal@yahoo.co.in


In the present study, lenticules from myopic patients
undergoing ReLEx SMILE at our center were cryopreserved
for use in heterologous individuals to treat hypermetropia
using a tissue addition technique. To address the safety issues,
the tissue processing technique described by Oh et al8 was
modified for suitability in human use.

MATERIALS AND METHODS
The study was approved by the institutional ethics

committee, and informed consent was obtained from all
patients in accordance with the tenets of the Declaration of
Helsinki. All donors were healthy individuals between 21 and
40 years old. Serological tests were conducted in all donors to
rule out transmissible viral infections. The donors were
selected based on these inclusion criteria: myopic spherical
refractive error ranging from 20.5 D to 210.00 D with no
astigmatism or astigmatism less than 20.5 D; healthy eyes
free from significant systemic and ocular diseases; and ability
to understand the content of the consent form and willingness
to undergo serological testing.

Eligible candidates underwent the ReLEx SMILE pro-
cedure with the standard technique11 by the same surgeon

(S.G.) using the VisuMax FS laser. The cap thickness was
100 mm, and the optical zone varied from 6 to 6.5 mm. After
dissection of both anterior and posterior planes, the lenticule was
extracted through a superior 2-mm incision. A 10-0 nylon suture
was applied following lenticule removal. Bites were taken from
one end to the diagonally opposite end, with the knot tied on the
superior aspect of the lenticule to determine the side at the time
of subsequent implantation. No correction for toricity was con-
ducted. The lenticule was immediately transferred to a sterile
plastic vial containing phosphate-buffered solution, labeled with
the patient’s identification number, eye, and date, and sent to the
cryobank for processing and cryopreservation.

Tissue Processing and Cryopreservation
Two types of solutions (washing solution and cryo-

preservation solution) were prepared. The washing solution
comprised 10 mL of phosphate-buffered saline (1·), 200 mL
of penicillin–streptomycin (100·), and 200 mL of amphoter-
icin B (100·). The cryopreservation solution comprised
9 mL of tissue culture media (Cryobank wash media) and
1 mL of 20% dimethyl sulfoxide (DMSO). DMSO acts as
a cryoprotectant agent. The tissue culture medium is a com-
mercially available medium used for semen processing in

FIGURE 1. Washing of lenticules
10 minutes each in washing solution
(twice). Arrows point to the
lenticule.

TABLE 1. Demographic Details of Patients Who Underwent FILI (7 Patients, 9 Eyes)

Patient Age/Sex FILI Performed Visual Status UCVA BCVA Preoperative SE, D

1 34/M LE Amblyopic 20/120 20/60 +3.5

2 26/F RE Amblyopic 20/200 20/80 +3.25

3 32/F RE Amblyopic 20/60 20/30 +5.8

4 32/F RE Amblyopic 20/200 20/60 +6.5

5 26/F LE Aphakia* 20/400 20/40 +11.0

6 26/F BE Nonamblyopic RE 20/20 RE 20/20 +4.5

LE 20/20 LE 20/20 +4.25

7 28/M BE Nonamblyopic RE 20/20 RE 20/20 +4.0

LE 20/20 LE 20/20 +4.25

Mean SE treated = 4.50 D 6 1.11 D

BCVA recorded by Snellen distant vision test types.
*Posttraumatic aphakia with iridodialysis and traumatic mydriasis.
BE, both eyes; LE, left eye; RE, right eye; SE, spherical equivalent; UCVA, uncorrected visual acuity.
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reproductive biology (Cryocell India Pvt Ltd, New Delhi,
India). The medium contains sodium chloride, potassium chlo-
ride, magnesium sulfate, anhydrous potassium phosphate
monobasic, calcium chloride, anhydrous sodium bicarbonate,
HEPES, glucose, sodium pyruvate, sodium lactate, phenol red,
and human albumin in company-specified compositions.

Tissue Processing Protocol
Tissue processing was conducted in sterile conditions

under a laminar flow hood. Extracted lenticules were washed
twice for 10 minutes each in the washing solution (Fig. 1). The
lenticules were then transferred into a cryovial and resuspended
in 500 mL medium containing 10% tissue culture media. Using
a liquid dropper, a stock freezing solution containing 10%
human tissue culture medium and 20% DMSO (Sigma-Aldrich,
St Louis, MO) was added slowly to make a final volume of 1
mL freezing solution containing 10% human tissue culture
medium and 10% DMSO. The cryovials containing the lentic-
ules were transferred in canisters and frozen in liquid nitrogen at
a controlled cooling rate that gradually brought down the tem-
perature from 4°C to 2196°C and stored in long-term storage
containers (IBP; Indian Oil Corporation Limited, Nasik, India).

Preparation of Lenticules for Implantation
On the day of surgery, the tissue was transported from

the cryobank to the hospital in a liquid nitrogen container. The
vials containing frozen tissue were gradually thawed by
rubbing them between the palms or keeping them at room
temperature for 5 to 10 minutes until the frozen medium inside
the vial was liquefied. The lenticule was then transferred into
a petri dish and washed twice with balanced salt solution for
5 minutes each to remove the cryoprotectant agents.

Lenticular Implantation Technique
The technique used was FS laser intrastromal lenticular

implantation (FILI). A VisuMax FS laser was used to create
a 7.5 mm diameter pocket at a depth of 160 mm and 4 mm

superior incision. The incision was opened with a Seibel
spatula and the plane of the pocket was dissected. The cry-
opreserved lenticule (which was matched for the refractive
error after correcting for back vertex distance) was placed
on the patient’s cornea with its center marked with gentian
violet dye. The lenticule was held with 2 forceps and inserted
into the pocket. After insertion, the lenticule was spread out,
and the center was aligned with the pupillary center.

A depth of 160 mm was chosen for implantation in all
patients due to uncertainty in refractive outcomes, the novelty
of the nomograms, and so the surgeon could have adequate tissue
in the cap for later enhancement with surface ablation if required.

Postoperatively, a topical steroid (1% prednisolone
acetate; Allergan, Irvine, CA) was prescribed for 3 months
in a tapering dosage. In addition, 5% hypertonic saline drops
(Hypersol-5; Jawa Pharmaceuticals, India) were prescribed 6
times per day for 1 week to reduce endothelial stress and to
aid in lenticule clearing.

Patients were examined postoperatively on days 1 and
15 and at 1, 3, and 6 months. A slit-lamp examination was
performed to check for lenticule clarity, position, and wound
healing.

Postoperative corneal haze and folds were graded at
every follow-up time point using the scale described by
Nakamura et al and the Corneal Folds Grading Atlas.12,13

On postoperative day 15 and onward, the following
assessments were performed: uncorrected visual acuity, best-
corrected visual acuity (BCVA), retinoscopy for residual
refractive error, topography using ORBscan(Bausch & Lomb-
Technolas, Munchen, Germany) and Sirius (Schwind eye-
tech solutions, Kleinostheim, Germany), anterior segment
optical coherence tomography (Optovue, Fremont, CA), clin-
ical photography, specular microscopy (Tomey, Japan), dry
eye assessment (Schirmer’s I), and aberrometry (iTrace;
Tracey Technologies, Houston, TX).

RESULTS
FILI was performed on 9 eyes of 7 patients. Table 1

provides the preoperative data of patients who underwent

TABLE 2. Details of Donors and Lenticules Used for FILI (n = 9)

Donor Age/Sex Eye
Myopic Refractive
Error Treated, D Optical Zone, mm

Lenticule
Thickness,* mm

Length of Lenticule
Cryopreservation, d

1 28/M RE 23.75 6.3 84 20

2 26/F RE 23.50 6.3 80 72

3 26/F RE 25.75 6.3 104 133

4 27/F LE 26.80 6.3 102 162

5 32/F LE 210.0 6.0 134 58

6 26/F LE 25.00 6.5 92 178

7 36/F RE 25.00 6.8 101 95

8 36/F LE 24.25 6.8 89 127

9 33/M LE 24.50 6.5 86 19

Mean SE of lenticules implanted (excluding aphakic eye) = +4.8 6 1.08 D; mean optical zone = 6.42 mm. Mean lenticule thickness (excluding no. 5 lenticule) = 96.6 6 7.6 mm;
including no. 5 lenticule = 101.14 6 16.0 mm. Mean period of cryopreservation of lenticules = 96 days (19–178 days).

*Lenticule thickness for same power can vary due to different optical zones and different edge thickness corrections in the VisuMax FS laser.
F, female; LE, left eye; M, male; RE, right eye.
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FILI. Mean follow-up period was 155.4 days (range, 38–310
days). Table 2 provides the details of donors and lenticules
used for FILI in the 9 eyes treated. The mean period of
cryopreservation of lenticules was 96 days (19–178 days).

On day 1, in the first 2 consecutive eyes, the implanted
lenticules had mild to moderate Descemet membrane folds
that resolved spontaneously within 1 week. Subsequently, the
treated eyes were prescribed hypertonic saline drops, which
showed clear lenticules within 48 hours and until the last
follow-up time point. The lenticules were stable and did not
show any shift with time. Figure 2 shows serial clinical photo-
graphs and anterior segment optical coherence tomography of
the eye treated with FILI at day 15 and at 6 months post-FILI
showing clear lenticules with good centration.

Table 3 provides the visual and refractive outcomes of
the eyes treated with FILI. All eyes had an uncorrected visual
acuity equal to or better than the preoperative BCVA. The

refractive predictability for hyperopia was fairly accurate, and
all eyes had a residual spherical equivalent within 61.0 diop-
ter (D), although in the aphakic eye, the residual spherical
equivalent was +4.1 D. There was an average of 0.75 to 1.00
D against-the-rule astigmatism in all eyes due to the superior
4 mm incision, which reduced and stabilized over time.

Table 4 provides changes in anterior and posterior cur-
vature, pachymetry and asphericity (Q value) following FILI.
All eyes had central corneal steepening with a mean change in
anterior keratometry of 3.5 D in the central 3-mm zone. There
was an average 0.33 D flattening of posterior corneal curva-
ture in all eyes, which was seen more in thicker lenticules
compared with the thinner ones. Figure 3 illustrates changes
in anterior and posterior curvature post-FILI in an eye, over
time.

The postoperative Q values in all eyes became more
negative, suggesting a hyperprolate shift. The mean Q value

FIGURE 2. A, Serial digital clinical photographs (16·) of 32-year-old woman operated for +6.5 D hyperopia in the right eye with
FILI. Photographs were taken on day 15 and 6 months after the operation. Distance from edge of the lenticule to limbus was
measured at 3 points and verified at every visit to check for centering and any shift in position. B, Six-month postoperative anterior
segment optical coherence tomography of an eye treated for +6.5 D hyperopia showing a clear and well-centered lenticule.
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changed from 20.38 to 20.89. Table 5 provides analysis of
the epithelial thickness profile, which suggested mild epithe-
lial thinning in the 5-mm zone in all hyperopic eyes, except
for the aphakic eye, which showed mild epithelial thickening
in the corresponding zone. Figure 4 illustrates the epithelial
thickness map of an eye treated with FILI at 6 months.

Higher order aberrations (HOA) did not show a signif-
icant increase in root mean square values postoperatively in
the 8 hyperopic eyes (P . 0.05). Endothelial cell count and
Schirmer I test scores were normal and the changes were not
significant at the last follow-up (P . 0.05) (Table 6).

DISCUSSION
The potential advantages of cryopreservation of refrac-

tive lenticules have been largely described for use in the same
patient, in the event of future ectasia or presbyopia by restoring
corneal volume.3 With the increasing number of eyes under-
going ReLEx SMILE for myopia, and thus, the extracted len-
ticules as a by-product, it may be a novel idea to preserve these
lenticules on a long-term basis using cryopreservation for

potential future use and research. Following establishment of
one such tissue bank, we wanted to explore the possibility of
use of such cryopreserved refractive lenticules for potential
treatment of hyperopia and study the feasibility, safety, effi-
cacy, and reproducibility of this new treatment.

Initially, the amblyopic eyes were studied mainly for
changes in refraction and topography following tissue
addition. There was also the goal of evaluating any loss of
BCVA and complications, such as haze and tissue rejection.
Even these patients benefited from the surgery, as their
refractive error was corrected to their best spectacle-
corrected visual acuity and reduced their dependence on
eyeglasses. After reviewing the results for 6 months, the
indications were extended to normal eyes and bilateral
surgery.

Unlike myopia, the correction of hyperopia involves
creation of a furrow-like ring zone in the paracentral zone of
the cornea. Both photorefractive keratectomy and LASIK are
subtractive procedures that steepen the cornea by ablating the
midperipheral tissue.14,15 This creates an abnormal hyperpro-
late shape of the cornea that is associated with significant

TABLE 3. Postoperative Results of Eyes Treated With FILI (n = 9)

Eye
Cycloplegic
Refraction, D

Subjective
Refraction, D

SE after BVD
Compensation, D

SE of Lenticule
Implanted, D

Post-op Residual
Refraction, D

Post-op
UCVA

Post-op
BCVA

Follow-up,*
d

1 +4.0 +3.5 +3.75 3.75 +0.25/+1@165 20/40 20/40 310

2 +3.75 +3.0/+0.5 @40 +3.5 3.5 +0.5/+0.75 @170 20/60 20/60 275

3 +8.0/+1.0@75 +5.0/+0.5 @75 5.75 5.75 +0.5 @170 20/30 20/30 240

4 +9.0/+1.25@120 +6.0/+1.0@120 7 6.8 +0.5/+1.0@132 20/40 20/40 200

5 +11.50 +11.0 DS 12.75 10.0 +3.5/+1.25@10 20/80 20/30 188

6 +5.0/+0.5@50 +4.75 5.0 5.0 +1.0@30 20/20 20/20 55

7 +4.75/+0.75@160 +4.5/+0.5@160 5.0 5.0 +1.0@ 180 20/20 20/20 55

8 +5.25 +4.0 4.25 4.25 +0.25/+0.5@175 20/20 20/20 38

9 +5.25/0.5@135 +4.25 4.5 4.5 +0.50 20/20 20/20 38

*Last follow-up.
BVD, back vertex distance; SE, spherical equivalent; UCVA, uncorrected visual acuity.

TABLE 4. Changes in Anterior and Posterior Topography, Pachymetry, and Asphericity Post-FILI (n = 9)

Eye
No.

Mean Anterior
K,* D

Change in
Anterior K, D

Mean Posterior
K,† D (3 mm) Change in

Post-K, D

CCT,† mm Change in
CCT, mm

Q Value† Change in
Q valuePre Post Pre Post Pre Post Pre Post

1 44.7 46.6 1.9 26.34 26.09 0.25 546 645 99 20.55 20.94 0.39

2 48.1 48.3 0.2 25.76 25.54 0.22 544 602 58 20.56 20.83 0.27

3 41.6 45.5 4 25.82 25.37 0.45 516 598 82 20.39 20.83 0.44

4 41.8 45.6 3.8 25.77 25.51 0.26 512 592 80 20.36 21.11 0.75

5 42.3 47.6 5.3 26.60 25.62 0.98 573 642 69 20.44 21.29 0.85

6 45.0 49.3 4.3 26.37 26.28 0.09 519 587 68 20.41 20.88 0.47

7 44.9 48.6 3.7 26.35 26.16 0.19 514 582 68 20.37 20.78 0.41

8 43.8 47.7 3.9 25.98 25.69 0.29 526 592 66 20.13 20.63 0.50

9 43.4 47.9 4.5 26.06 25.79 0.27 535 607 72 20.25 20.72 0.47

Mean 43.9 47.4 3.5 26.11 25.78 0.33 531.6 605.2 73.5 20.38 20.89 0.51

CCT indicates central corneal thickness.
*Measurements done with ORBscan.
†Measurements done with Sirius Scheimpflug imaging.
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regression, especially in higher degrees of refractive errors.16

It potentially leads to the induction of HOAs like coma and
spherical aberrations and loss of BCVA.17

FILI is an innovative technique based on Barraquer’s
law of thickness,18 whereby the cornea is made steeper by
addition of a lenticule of known thickness and power into
a pocket created in a patient’s cornea using the FS laser.
The concept is similar to epikeratophakia, used to treat apha-
kia in the past, which had its own disadvantages.19 A FS laser
overcomes these problems by creating precise lenticules and
incisions at an accurate depth.

The lenticular tissue processing technique described by
Mohamed-Noriega et al10 was modified in this study by re-
placing bovine serum albumin with human tissue culture
media to eliminate the risk of transmission of zoonotic
diseases or unexpected adverse reactions due to bovine
serum. All other conditions in the procedure remained the
same. The protocols of gradual staged thawing, which are
essential for the whole cornea to prevent endothelial cell
injury due to sudden thawing, were not strictly followed in
this study. Microbiological and cellular cultures were not
deemed necessary, as the tissue processing and preservation
were conducted under strict sterile conditions, and the tissue
did not contain vital endothelial cells. Also, previous studies
have suggested that stromal keratocytes within the extracted
lenticules remain viable and can be stimulated to proliferate in
appropriate cell culture conditions, even after a prolonged
period of cryopreservation.9,10

The change in asphericity after FILI suggests an
increase in the prolateness of the cornea, which is expected
after tissue addition, although the observed change was not

FIGURE 3. ORBscan anterior corneal surface topography (top) and Sirius posterior elevation (bottom) over the 6-month post-
operative course after FILI for eye with +6.5 D hyperopia.

TABLE 5. Epithelial Thickness Profile on Anterior Segment
Optical Coherence Tomography in the Central 5-mm Zone

Eye No.

Epithelial
Thickness
in Central
Zone, mm

Mean
Midperipheral

Epithelial
Thickness

at 5-mm Zone
(S + ST + T +
IT + I + IN +
N + SN), mm

Difference of
Epithelial Thickness
From Center to
Midperiphery, %

1 51 48.35 5.19

2 56 53.25 4.91

3 53 50.50 4.7

4 56 49.25 12.0

5 45 51.37 214.1

6 52 45.62 12.26

7 53 45.62 13.92

8 50 47.12 5.76

9 52 50.62 2.65

Mean 6 SD 52 6 3.31 48.63 6 2.6 8.38 6 4.5

IT, inferotemporal; I, inferior; IN, inferonasal; N, nasal; S, superior; ST, super-
otemporal; SN, superonasal octants; T, temporal.
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seen as much as it is after hyperopic LASIK.20 The shape of
the cornea is more natural after tissue addition compared with
tissue subtraction, which does not lead to significant induction
of HOAs.21 The total HOAs after FILI remain within normal
acceptable values and may be better than hyperopic LASIK/
photorefractive keratectomy.22,23 Also, tissue addition may be
more forgiving for mild decentration, which is not the case
with hyperopic LASIK. The rate of enhancement following
hyperopic LASIK can be up to 10% or more,24 especially in
younger patients. After tissue addition, significant changes in
topography or regression are not expected; thus, retreatment
rates may be lower. Epithelial thickness profile is more favor-
able, which, unlike hyperopic LASIK, does not cause mid-
peripheral epithelial hyperplasia to compensate for loss of
stromal tissue, hence reducing chances of regression.25 Prob-
lems of haze and flap-related issues like delayed healing,
infection, and dislocation are eliminated, thereby leading to
greater patient comfort and faster recovery.

A fairly good refractive predictability was observed
with this technique in the treatment of moderate hyperopia,
although results were not highly accurate for correcting very
high hyperopia (eg, aphakia). In a case study reported by
Pradhan et al,4 a 10 D lenticule was implanted to achieve
correction of aphakia but had a high residual refraction of
+5 D. There are possible explanations for this result. First,
the technique of Pradhan et al of pocket creation was different
from the technique used in this study. In the said study,
a SMILE lenticule was first created, followed by dissection
of the anterior plane to create a pocket, thus making 2 planes
that could possibly cause weakening of the cornea. Second,
the optical zone of the lenticule in the study of Pradhan et al
was 5.7 mm compared with 6 mm in the current aphakia case,
causing comparatively less volume of tissue addition. The cor-
rection is expected to be relatively higher in larger lenticules
because there is more volume of the tissue added. In this
hyperopic series, the lenticule size ranged from 6.3 to 6.8
mm. Also, the posterior curvature changes as described in
the case study of Pradhan et al reduced the effect on anterior
curvature. Noncompensation for the back vertex distance could
be another reason. This was also probably the cause of the high
+4.1 D residual refraction in the current study. After compen-
sation, implantation of lenticule of approximately 12.5 D is
required, and this is currently not possible with VisuMax.

The biomechanics of corneas in these patients were not
studied due to lack of equipment such as the Corvis
(OCULUS Optikgeräte GmbH, Wetzlar, Germany). How-
ever, because most of the Bowman layer is preserved and
tissue is being added, it is assumed that the biomechanics
are more stable than LASIK, where a flap is cut and tissue
is subtracted from the periphery.26

The procedure certainly amounts to corneal transplan-
tation and thus, theoretically carries the risk of future
rejection. However, unlike traditional full thickness grafts,
which have a graft–host junction proximal to host limbus, in
this technique, the lenticule was well protected in the host
corneal pocket and did not come in direct contact with the
host’s limbal vasculature and immune system, making the
risk of allogeneic graft rejection remotely possible.27 Also,

FIGURE 4. Epithelial thickness profile with anterior segment optical coherence tomography of an eye 6 months post-FILI for +6.5
D hyperopia.

TABLE 6. Total HOAs at 5-mm Pupil Size (n = 8), ECD, and
Schirmer’s I Scores, Pre- and Post-FILI (n = 9)

Eye No.

HOAs, RMS, mm ECD, cells/mm2
Schirmer I
Scores, mm

Pre Post Pre Post Pre Post

1 0.186 0.265 2922 2900 28 27

2 0.175 0.257 3372 3362 22 22

3 0.074 0.129 2883 2873 24 24

4 0.314 0.197 2898 2878 26 26

5 — — 2833 2822 30 30

6 0.139 0.216 3129 2119 32 32

7 0.385 0.246 3105 3005 33 32

8 0.106 0.287 3041 3031 31 30

9 0.283 0.105 2968 2958 30 30

P* — 0.91 — 0.25 — 0.08

Eye 5, aphakic eye.
*Paired t test.
ECD, endothelial cell density.
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the lenticule was mainly stromal collagen tissue; the inci-
dence of rejection is significantly low in such a scenario com-
pared with endothelial rejection. Because no sutures are
applied, there are no suture-related complications such as
loosening, vascularization, or infection that would potentially
trigger graft rejection.28 Nevertheless, there is a need to mon-
itor for signs of rejection and treat it like allogeneic graft
rejection should rejection occur. Because it is a reversible
procedure, the lenticule can always be explanted in the event
of any adverse effects or rejection in future.

The preliminary results of FILI in hyperopia indicate
that this may be a better technique than hyperopic LASIK for
moderate hyperopia in terms of stability, regression, aberra-
tions, and postoperative dry eye. Although it is a bit early to
exactly predict the refractive outcomes, initial data indicate
that the cryopreservation technique used is safe in heterolo-
gous individuals.

Further studies with a larger cohort and modification of
the surgical technique with a goal of reducing postoperative
astigmatism and refining nomograms are suggested to deter-
mine the long-term safety and refractive effects on the cornea
and establish the technique as a valid option to treat hyperopia.
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